Abstract: A novel tetradentate N 2 O 2 type Schiff base, synthesized from 1-phenyl-2,3-dimethyl-4-aminopyrazol-5-one(4-aminoantipyrine) and 3-salicylidene-acetylacetone, forms stable complexes with transition metal ions such as Cu II , Ni II , Co II and Zn II in ethanol. Microanalytical data, magnetic susceptibility, IR, UV-Vis., 1 H-NMR, ESR and Mass spectral techniques were used to confirm the structures. Electronic absorption spectra of the complexes suggest a square-planar geometry around the central metal ion. These complexes show higher conductance values, supporting their electrolytic nature. The monomeric nature of the complexes was confirmed from their magnetic susceptibility values. Cyclic voltammogram of the copper(II) and nickel(II) complexes in DMSO solution at 300 K were recorded and the results are discussed. The X-band ESR spectra of the copper complex were recorded and the molecular orbital coefficient values were calculated from the spectra. The in vitro antimicrobial activities of the investigated compounds were tested against bacteria such as Klebsiella pneumoniae, Staphylococcus aureus, Bacillus subtilis and Escherichia coli and fungi like Aspergillus niger and Rhizoctonia bataicola. Most of the metal chelates show higher antimicrobial activity for the above microorganisms than that of the free ligand.
Introduction
The growing importance of the Schiff bases and their metal complexes in modern coordination chemistry is attributable to recent observations about their antibacterial, antifungal and oxygen carrier properties. A general study of the structural and bonding features of the various Schiff base complexes can better help the understanding of these complexes. Schiff bases derived from the condensation of 4-aminoantipyrine with diketones represent an important class of chelating ligands and their metal complexes are of great interest because of their applications in analytical chemistry, industry, modeling in some biosystems, transport processes, stabilization of higher oxidation states, catalytic and extraction properties [1] [2] [3] [4] [5] [6] . There has been considerable interest in the development of cyclic and acyclic ligand systems with unsymmetrical structures. This stems from the recognition that many biological systems possess metal ions in unsymmetrical environments. These structures can be markedly modified through condensation with aldehydes, ketones, etc.
A way to understand the structure and behaviour of these biological systems is based on the synthesis of model complexes having similar spectroscopic features. Schiff basemetal derivatives attract considerable interest and occupy an important role in the development of the chemistry of chelate systems, especially those with N 2 O 2 -tetradentate ligands, due to the fact that they are closely resembled to metallo-proteins. Copper and zinc are well represented in this area [7] , the findings of structural studies are interesting in that the Schiff base ligands can control the stereochemistry of the complex and provide us with numerous examples of unusual geometries around the central metal ion. Therefore, they can serve to illustrate the coordination flexibility of these ions.
Due to our interest in the coordination chemistry of pyrazole containing ligands the synthesis and full spectroscopic and analytical characterizations of copper(II), nickel(II), cobalt(II) and zinc(II) complexes are reported herein . Our general strategy for preparing the desired ligand was based on the possibility of preparing a single condensation of a suitable ketone precursor with 4-aminoantipyrine. This process has been successfully applied to the non-symmetrical tetradentate Schiff base having the mixed donor sets N 2 O 2 . In our earlier studies,various N 2 O 2 and N 4 ligands derived from benzil, acetylacetone, acetoacetanilide with o-phenylenediamine and 4-aminoantipyrine have been reported [8] [9] [10] [11] [12] . In this paper the synthesis of new tetradentate N 2 O 2 donor type Schiff base and its bivalent metal complexes derived by the condensation of 4-aminoantipyrine (1-phenyl-2,3-dimethyl-4-amino-pyrazol-5-one) with 3-salicylidene-acetylacetone is described.
Experimental
The chemicals and solvents used for the preparation of ligands and complexes were from Merck. Spectroscopic grade solvents were used for spectral studies. Microanalytical data, 1 H-NMR and FAB Mass spectra of the compounds were performed at the Regional Sophisticated Instrumentation Centre, Central Drug Research Institute, Lucknow (RSIC, CDRI). The fast atom bombardment mass spectrum of the complex was recorded on a JEOL SX 102/DA-6000 mass spectrometer/data system using Argon/Xenon (6 kV, 10 mA) as the FAB gas. The accelerating voltage was 10 kV and the spectra were recorded at room temperature. m-Nitrobenzyl alcohol (NBA) was used as the matrix. The IR spectra of the samples were recorded on a Perkin-Elmer 783 spectrophotometer in the 4000-200 cm −1 range using KBr as solvent. The UV-Vis. spectra were recorded on a Shimadzu U.V.-1601 spectrophotometer. The X-band ESR spectra of the complexes were recorded in DMSO at 300 K and 77 K at IIT, Mumbai using TCNE (tetracyanoethylene) as the g-marker. Magnetic susceptibility measurements of the complexes were carried out using a Gouy balance. CuSO 4 was used as calibrant. Electrochemical studies were carried out using EG&G Princeton Applied Research Potentiostat/ Galvanostat Model 273A, controlled by M270 software. Cyclic voltammetric measurements were performed using a glassy carbon working electrode, platinum wire auxillary electrode and an Ag/AgCl reference electrode. Tetrabutylammonium perchlorate (TBAP) was used as the supporting electrolyte. All solutions were purged with N 2 for 30 min prior to each set of experiments. Molar conductance values of the complexes were measured in DMSO solution using a Systronic conductivity bridge type 305.
Synthesis of Schiff base
An ethanolic solution (50 cm 3 ) of 3-salicylideneacetylacetone (1.02 g, 0.05 mol) and 4-aminoantipyrine(2.03 g, 0.01 mol) was boiled under reflux for ca. 3 h. The resultant solution was cooled to room temperature. The yellow solid 3-salicylidene-2,4-di(imino-4′-antipyrinyl)pentane (3SDAP) formed was filtered and recrystallised in EtOH. Yield 2.38 g, 83 %, m.p. 205±1
• C. The Knoevenagel condensate β-diketone (3-salicylideneacetyl-acetone) was synthesized according to the reported procedure [12] . The preparation of the Schiff base 3SDAP is shown in Scheme 1.
Syntheses of metal complexes
Metal complexes of Cu II , Ni II , Co II and Zn II were prepared by refluxing 1:1 molar mixture of MCl 2 with 3SDAP for 5 h in presence of one drop of piperidine except for copper complex. The solution was reduced to one-third on a water bath and cooled. The solid complex obtained was filtered and dried in vacuo. The metal chelates were prepared by the following equation:
where M = Cu(II), x = 2; M = Co(II), x = 6; M = Ni(II), x = 6 and M = Zn(II), x = 2.
Antimicrobial activity
The in vitro biological screening effects of the investigated compounds were tested against the bacteria, Klebsiella pneumoniae, Staphylococcus aureus, Bacillus subtilis and Escherichia coli by the well-diffusion method using agar as the nutrient medium and ampicillin as control. The antifungal activity of the compounds were evaluated by the well diffusion method against the fungi Aspergillus niger and Rhizoctonia bataicola cultured on potato dextrose agar as medium and amphotericin as control. The stock solutions were prepared by dissolving the compounds in DMSO.
In a typical procedure, a well was made on the agar medium inoculated with microorganisms. The well was filled with the test solutions using a micropipette and the plates were incubated at 35
• C for 24 h for the bacteria and 72 h for the fungi. During this period, the test solution was diffused and affected the growth of the inoculated microorganisms. The inhibition zone that developed on the plate was measured.
Results and discussion
Microanalytical data, molar conductance and magnetic susceptibility data of the complexes are given in Table 1 
H-NMR spectra
The NMR technique is highly useful to prove the structure of the compounds. The 1 H-NMR spectrum (270 MHz) of the ligand 3SDAP, recorded in DMSO-d 6 at room temperature shows the following signals: C 6 H 5 multiplet at 7.1 to 7.6 δ, =C-CH 3 at 2.3 δ, N-CH 3 at 3.3 to 3.4 δ and -OH proton appeared at 11.1 δ. A slight down field shift observed in its zinc and nickel complexes (=C-CH 3 at 2.4 δ and aromatic 7.7-7.8 δ) indicates the coordination of the ligand with the central metal ion.
Mass spectra
The Schiff base shows the molecular ion peak at m/z = 574. The molecular ion peak for the copper complex is observed at m/z = 710 which confirms the stoichiometric composition of the metal complexes as being of the [ML]Cl 2 type. This composition is further confirmed by perusal of the mass spectral data of Ni(II), Co(II) and Zn(II) complexes.
IR spectra
The IR spectra provide valuable information regarding the nature of the functional group attached to the metal atom. A strong bond is observed in the free ligand at 1670 cm −1 characteristic of the cyclic keto group present in the pyrazolone ring [13] [14] [15] [. This band is shifted to lower frequencies in all the metal chelates upon coordination (Table 2) . Another band at 1640 cm −1 in the free ligand is due to azomethine group. Coordination of the ligand to the metal through the azomethine nitrogen atom is expected and also it is observed in all the spectra of complexes. In the metal chelates, the band characteristic of the azomethine group is shifted to 1590-1575 cm 
Electronic absorption spectra
The spectral data and the solvents used are given in Table 3 . The Schiff base shows two absorptions, 28735 cm −1 and 40650 cm −1 , which are intra-ligands charge transfer transitions. The UV-Vis. spectrum of copper complex in CH 3 CN solution displays a broad band at 18691 cm −1 attributable to 2 B 1g → 2 A 1g transition which strongly favours the square-planar geometry around the central metal ion [16, 17] . The broadness of the band can be taken as an indication of distortion from the perfect planar symmetry. This is further supported by the magnetic susceptibility value (1.83 B.M.). The nickel complex is diamagnetic suggesting the square-planar geometry.
The electronic absorption spectrum of the nickel complex shows two d-d bands at 16806 cm −1 and 21367 cm −1 which are assigned as 1 A 1g → 1 B 1g and 1 A 1g → 1 B 2g transitions [16] , indicates the square-planar geometry. Absence of any band below 10000 cm
rules out the possibility of tetrahedral structure for this nickel chelate. The cobalt complex shows a d-d band at 16286 cm −1 assigned as 1 A 1g → 1 B 1g transition, which confirms square-planar geometry. This is further confirmed by its magnetic susceptibility value (3.45 B.M.).
ESR spectra
ESR studies of paramagnetic transition metal(II) complexes yield information about the distribution of the unpaired electrons and hence about the nature of the bonding between the metal ion and its ligands. There have been many reports concerning the application of ESR to square-planar or distorted octahedral complexes of Cu II and of the interpretations of the ESR parameters in terms of covalency of the metal ligand bonding. Despite these numerous experimentally derived values for the covalency factors, i.e. d orbital mixing coefficients, there have been only a few molecular orbital calculations for either four or six coordinate copper(II) systems. The ESR spectra of Cu II complex were recorded in DMSO solution at liquid nitrogen temperature and also at room temperature. Fig. 2 shows the ESR spectrum of [Cu(3SDAP)]Cl 2 at liquid nitrogen temperature. It exhibits a set of four well-resolved peaks in the low field region. The spin Hamiltonian parameters of the complex were calculated. The g || and g ⊥ values were computed from the spectrum using tetracyanoethylene (TCNE) free radical as 'g' marker. The observed g || (2.2569) value for the complex is less than 2.3 suggesting a significant covalent character of the metalligand bond. The trend g || (2.2569) > g ⊥ (2.0225) >g e (2.0023) observed for the complex suggests that the unpaired electron is localized in the d x 2 −y 2 orbital of the copper(II) ion [18] . The axial symmetry parameter G is defined [19] as
The calculated G(12.60) value for the complex indicates that there is no interaction between the copper centers in DMSO medium. The parameters g || , g ⊥ , A || (0.01473) and A ⊥ (0.0089) of the complexes and the energies of the d-d transitions are used to calculate the orbital reduction parameters (K || and K ⊥ ) and the bonding parameter(α 2 ). The factor α 2 is usually taken as a measure of covalency which is evaluated by the expression:
The α 2 (0.7184) value for the complex supports its covalent nature of the bonding. Hathaway [20] pointed out that for the pure σ-bonding K || >K ⊥ ≈ 0.77 and for in-plane π-bonding K || <K ⊥ , while for out-of-plane π-bonding K ⊥ < K || the following simplified expressions were used to calculate K || and K ⊥ .
The observed K || (0.8475) >K ⊥ (0.4775) relation indicates the absence of significant in-plane π-bonding.
Electrochemical behaviour
Cyclic voltammetry is the most versatile electroanalytical technique for the study of electroactive species. The important parameters of a cyclic voltammogram are the magnitudes of the anodic peak current (ip a ), cathodic peak current (ip c ), anodic peak potential(Ep a ) and cathodic peak potential (Ep c ). The cyclic voltammogram of the copper complex, recorded in DMSO solution containing 0.1 M of TBAP as supporting electrolyte (scan rate 100 mVs −1 ) at 300 K in the potential range of +1.6 to -1.6 V is shown in Fig. 3 . The voltammogram shows three reduction peaks in the cathodic direction which are assigned as follows: Cu III → Cu II at Ep c = 0.882 V, Cu II → Cu I at Ep c = 0.123 V and Cu I → Cu 0 at Ep c = -0.471 V respectively and it shows two oxidation peaks in the anodic direction, one very strong absorption peak at Ep a = 0.041 V which is due to Cu 0 → Cu II and another peak observed at Ep a = 0.738 V is due to Cu II → Cu III . These values are similar to the values reported earlier 12 . The cathodic to anodic peak current ratio i pc /i pa ≈ 0.5 of the couple Cu III /Cu II indicates the quasi-reversible nature of the couple.
The cyclic voltammetric behaviour of nickel(II) complex has been studied in DMSO solution between +1.6 to -1.6 V Vs Ag/AgCl. It shows two peaks at cathodic side in the negative region and two peaks in anodic region. One couple observed in this voltammogram at Ep c = −0.728 V and Ep a = −0.646 V is the formation of Ni II /Ni III . The cathodic to anodic peak current ratio i pc /ip a of this couple (Ni II /Ni III ) indicates the quasi-reversible nature of the couple.
Based on the above facts, the structure of the complex is given in Fig. 1 .
Antimicrobial activity
The in vitro biological screening effects of the investigated compounds were tested against two Gram-positive bacteria S. aureus and B. subtilis and two Gram-negative bacteria P. aeruginosa and E. coli. The inhibition zones were measured and are listed in Table 4 . The antifungal activity of the compounds was studied on A. niger and R. bataicola. The results observed are tabulated (Table 5 ). It has also been observed in the antimicrobial screening studies that the metal chelates have higher activity than the corresponding free ligand and control against the same microorganisms under identical experimental conditions, which is consistent with earlier reports [21] . It has been suggested that the ligands with the N and O donor system might have inhibited enzyme production, since enzymes which require a free hydroxy group for their activity appear to be especially susceptible to deactivation by the ions of the complexes. Chelation reduces the polarity of the central ion mainly because of the partial sharing of its positive charge with the donor groups and possible π-electron delocalization within the whole chelate ring. This chelation increases the lipophilic nature of the central atom which favours its permeation through lipid layers of the cell membrane [22, 23] . Furthermore, the mode of action of the compounds may involve the formation of hydrogen bonds through the azomethine(C=N) group of the complexes with the active centers of cell constituents resulting in the interference with normal cell processes [24] . Though the complexes possess activity, it could hardly reach the effectiveness of the standard drugs such as streptomycin and bavistin. A few compounds are inactive against different organisms, the variation in the effectiveness of different compounds against different organisms depend either on the impermeability of the cells of the microbes or on differences in the ribosome of microbial cells. The toxicity of the compounds is directly proportional to the concentration.
Conclusion
The N 2 O 2 type Schiff base ligand is synthesized from 4-aminoantipyrine and 3-salicylideneacetylacetone. It acts as a tetradentate ligand and forms stable complexes with transition metal ions such as copper(II), nickel(II), cobalt(II) and zinc(II) in ethanol. The ligand and its complexes are characterized using spectral and analytical data. From the spectral and stoichiometric analyses, a square-planar geometry was assigned for the monomeric metal complexes. The cyclic voltammetric technique was used to find out the anodic and cathodic peak potential of Cu(II) and Ni(II) complexes. The data of the complexes in DMSO reveal that the unusual oxidation states are stabilized by the ligand system. The ESR spectrum of the copper complex gives the expected splitting pattern at LNT. The molecular orbital coefficient values are calculated and it gives good correlation with similar type's of copper(II) metal complexes. The biological screening test of all the investigated complexes also provides information about the Schiff base and its metal complexes which are important in model compound studies. Table 5 Antifungal activity of the synthesized compounds at 10 −2 M (zone of inhibition in mm).
